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Abstract
We analyze the inclusive b(c) → s(u)µ+µ− and the exclusive B(D+) → K(pi+)µ+µ− flavour
changing neutral current decays in the light of HyperCP boson X0 of mass 214 MeV recently
observed in the hyperon decay Σ+ → p µ+µ−. Using the branching ratio data of the above inclusive
and exclusive decays, we obtain constraints on g1 (h1) and g2 (h2), the scalar and pseudo-scalar
coupling constants of the b− s−X0 (c− u−X0) vertices.
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1 Introduction
The standard model(SM) despite of it’s enormous experimental success, has some drawbacks
arising from our little understanding of the quark and lepton flavour structures. The CKM
matrix which tells about the mixing and the CP-violation in the quark sector, lacks any
dynamical mechanism in it’s origin. An urge for going beyond the SM by invoking non-
standard new physics(NP) has become a driving force of the present-day phenomenological
studies. Ideas like supersymmetry, technicolor, extra-dimension(s), little higgs model, unpar-
ticle physics, as a candidate of new physics, has drawn a lot of attention among the particle
physics community. Experiments at colliders like Large Hadron Collider(LHC), upcoming
International Linear Collider(ILC) will be the testing ground of all these novel ideas.
Recently the HyperCP collaboration found three events in the hyperon decay Σ+ →
p µ+µ−[1]. In the di-muon invariant mass distribution plot (within the detector resolution)
those were found to be localized at around ∼ 214 MeV. The standard model alone cannot
explain such distribution. To explain this they predict the existence of a new spin zero
boson X0(214) which causes the flavour changing neutral current(FCNC) transition s →
dX0 followed by the HyperCP decay X0 → µ+µ−. Usually in the standard model the
FCNC processes are predominantly loop-mediated, so the tree-level FCNC process caused
by this newly found X0 boson spurs into a whole lot activity resulting several interesting
phenomenological studies [2]. If such a boson X0 indeed exists, one could also expect it to
couple, besides (sd) system, to (cu), (bd) and (bs) systems. So far no study comprising the
X0 boson couplings to (cu) and (bs) are available. In the present work we explore these new
couplings of the X0 boson and discuss the experimental constraints on such couplings which
follows from the inclusive b(c) → s(u)µ+µ− and exclusive B(D+) → K(pi+)µ+µ− decays,
where the muon pair is produced from the decay of X0 boson.
We organize our paper in the following way. We analyze the inclusive b → sµ+µ− and
the exclusive B → Kµ+µ− decays within the SM and in the light of X0 boson in section 2.
In section 3 we discuss in detail the inclusive decay c → uµ+µ− and the exclusive decay
D+ → pi+µ+µ− in the SM and HyperCP scenarios. We discuss several input parameters in
section 4. Section 5 is devoted to the numerical analysis. We summarize and conclude in
Section 6.
2
2 The inclusive and exclusive decays: b → sµ+µ− and
B → Kµ+µ−
2.1 The inclusive b→ sµ+µ− decay: SM and HyperCP analysis
Within the SM the semi-leptonic inclusive decay b→ sµ+µ− comprising the FCNC transition
is found to be dominated by the magnetic, electro-weak penguin and box operators.
The effective weak Hamiltonian Heff for such ∆B = 1 transition, can be written as [3, 4]
Heff = GF√
2
[
VjbV
∗
js
(
ceff7 O7 + c
eff
9 O9 + c10O10
)]
, j = u, c, t (1)
where the operators Oi( i = 9, 10) (semileptonic operators involving electro-weak (γ, Z)
penguin and box diagram) and O7 (magnetic penguin). The penguin and box diagrams
µ − µ − µ + µ
−νµ
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W
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Figure 1. Penguin and box diagrams contributing to b(pb)→ s(ps)µ+(p1)µ−(p2) process.
which gives rise the above b → sµ+µ− transition, are shown in Figure 1. The relevant
operators are given by [4]
O9 =
α
pi
(sγµPLb)(µ
−γµµ+),
O10 =
α
pi
(sγµPLb)(µ
−γµγ5µ
+),
O7 =
α
pi
(sσµνq
νPRb)
[−2imb
q2
]
(µ−γµµ+). (2)
Here σµν =
i
2
[γµ, γν ] and PR,L =
1
2
(1 ± γ5) are the chiral-projection operators. α(= e24pi )
is the QED fine structure constant. The coefficients ceffi (i = 7, 9), known as the wilson
coefficients, are evaluated at µ = mb. In above q is the momentum transferred to the lepton
pair and mb is the b-quark mass. We have neglected the term involving ms(the s quark mass)
in operator O7.
The squared amplitude |MSM |2 for the b(pb)→ s(ps)µ+(p1)µ−(p2) decay within the SM
can be expressed as
|MSM |2 = 1
2
∑
spins
(
|M7|2 + |M9|2 + |M10|2 + 2Re(M∗9M7) + 2Re(M∗10M7) + 2Re(M∗9M10)
)
3
(3)
The direct and interference terms of the Eq. (3) are listed in Appendix A.1.
Next we are to see the effect of the newly found spin zero HyperCP boson X0 in the b→
sµ+µ− decay which can potentially be significant at the tree level. The effective interaction
describing such a FCNC decay as mediated by X0 boson can be written as
Ld=4 =
[
s(g1 + ig2γ5)bX
0 + h.c.
]
+
[
µ(l1 + il2γ5)µX
0
]
, (4)
where g1 and g2 are the scalar and pseudo-scalar coupling constants of the X
0 boson with
the b and s quarks and l1 and l2 are the scalar and pseudo-scalar coupling constants of the
X0 boson with the muon pairs. To find the HyperCP boson contribution, we work under
the following assumption: we assume that the X0 boson is produced as a real particle in the
b→ sX0 decay process and then decays to a muon pair X0 → µ+µ−. The squared amplitude
comprising the SM and NP contributions can be written as
|MSM +MNP |2 = |MSM |2 + |MNP |2. (5)
Several terms of Eq. (5) are given in Appendix A.1 and A.2.
The decay width Γ(b(pb)→ s(ps)µ+(p1)µ−(p2))SM reads as
Γ(b→ sµ+µ−)SM = 1
512pi3m3b
∫ (mb−ms)2
(mµ+mµ)2
dS1
S1
√
λ1λ2
∫ +1
−1
dz |MSM(S1, S2(S1, z))|2, (6)
where |MSM |2 is given in Eq. (3). In Eq.(6) z = cosθ′, where θ′ is the angle in the center-of-
mass frame of µ+ and µ− and
λ1 = λ1(m
2
b , m
2
s, S1) =
√
S21 +m
4
b +m
4
s − 2S1m2b − 2S1m2s − 2m2bm2s,
λ2 = λ(S1, m
2
µ, m
2
µ) =
√
S21 − 4S1m2µ. (7)
In above S1 = q
2 = (pb − ps)2), λi(i = 1, 2)’s are the standard phase space Ka¨llen functions
and S2 = A(S1) +B(S1) cosθ
′, where
A(S1) = m
2
b +m
2
µ − 2mbγX(S1)
√
m2µ + p
′2(S1),
B(S1) = −2mbγX(S1)βX(S1)p′(S1). (8)
Here p′(S1) =
√
λ2(S1,m2µ,m
2
µ)
4S1
, γX =
m2
b
−m2s+S1
2mb
√
S1
and βX =
√
λ2(m2b ,m
2
s,S1)
m2
b
−m2s+S1
. Under the assumption
of the real X0 production, the NP contribution to the Γ(b→ sµ+µ−)NP reads as
Γ(b→ sµ+µ−)NP = Γ(b→ sX0)× BR[X0 → µ+µ−]
=
1
16pimbm
2
X
(|MNP |2)×BR[X0 → µ+µ−], (9)
4
where |MNP |2(= 12
∑
spins |MNP |2) are given in Appendix A.2.
oX
b
s
µ +
−µ
Fig. 2: X0 boson contribution to the inclusive decay b → sµ+(p1)µ−(p2). Momentum
conservation reads pb = ps + p1 + p2.
2.2 The exclusive decay B → Kµ+µ−: SM and HyperCP analysis
The exclusive semi-leptonic decay B(pB) → K(pK)µ+(p1)µ−(p2) (partonically it is the b →
sµ+µ− transition) is found to be dominated by the same set of operators (see Eq. (1)). The
hadronic matrix elements necessary are [5]
〈K(pK)|sγµb|B(pB)〉 =
[
(pB + pK)µ f
+
BK(q
2) + qµ f
−
BK(q
2)
]
, (10)
〈K(pK)|sσµνqνb|B(pB)〉 =
[
q2 (pB + pK)µ − (m2B −m2K) qµ
]
fTBK(q
2), (11)
where q = pB−pK = p1+p2. Since mµ ≪ mb, the qµ term in above equations gives negligible
contribution. Working within the single pole with mass ∼ mB, the q2 dependence of the
form factor can be written as
f+(q2) = f+(0)/(1− q2/m2B), fT (q2) = fT (0)/(1− q2/m2B). (12)
In the relativistic constituent quark model [6], we find
f+(0) ≈ 0.34, fT (0) ≈ f+(0)/2mb. (13)
The full SM calculation gives the decay width
Γ(B → Kµ+µ−) = 1
512pi3m3B
∫ (mB−mK)2
(mµ+mµ)2
dS ′1
S ′1
√
λ1λ2
∫ +1
−1
dz |M ′SM(S ′1, S ′2(S ′1, z))|2 (14)
where S ′1, S
′
2 are obtained from S1 and S2 by replacing mb and ms with mB and mK respec-
tively. The squared amplitude |M ′SM |2 are given by
|M ′SM |2 =
1
2
∑
spins
(
|M ′7|2 + |M ′9|2 + |M ′10|2 + 2Re(M ′9∗M ′7) + 2Re(M ′10∗M ′7) + 2Re(M ′9∗M ′10)
)
(15)
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The direct and interference terms of the Eq. (15) are listed in Appendix B.1.
The Feynman diagram for the X0 boson contribution to the B → Kµ+µ− decay is the
same with the Figure 2 except that b and s quarks are to be replaced by B and K mesons.
Considering the Xo production as a real on-shell production, the squared-amplitude |M ′NP |2
can be written as
|M ′NP |2 =
∑
spins
|M ′NP |2, (16)
where the direct term is given in Appendix B.2. The X0 boson contribution to the decay
width Γ(B → Kµ+µ−)NP is given by
Γ(B → Kµ+µ−)NP = Γ(B → KX0)× BR[X0 → µ+µ−]
=
1
16pimBm
2
X
(|M ′NP |2)×BR[X0 → µ+µ−], (17)
where |M ′NP |2 is given in Appendix B.2.
3 The inclusive and exclusive decays: c → uµ+µ− and
D+ → pi+µ+µ−
Although in the hadronic phenomena it is the downlike quark sector where the new physics
effects(like tree level FCNC transition) are most likely to be seen, the uplike quark sector
might equally be important. The HyperCP boson X0, besides it’s coupling with the (b, s)
system, can also couple with (c, u) system and gives rise the FCNC trnsition in the up-like
quark sector at the tree level. Although in general a charm meson decay is dominated by the
standard model long distance contribution, it is worthwhile to investigate the inclusive c→
uµ+µ− and the exclusive D+ → pi+µ+µ− decays caused by the tree level FCNC transition
c→ u in the low di-muon invariant mass region.
3.1 The inclusive decay c→ uµ+µ−: SM and HyperCP analysis
For the inclusive c → uµ+µ− decay it was found that the leading order rate is being
suppressed by the QCD corrections within the Standard Model and a low dimuon mµµ(=√
(p1 + p2)
2) have large impact on such decay.
The lagrangian describing the c→ uµ+µ− FCNC transition can be written as
H′eff = GF√
2
[
V ∗cbVub
(
c
′eff
7 O
′
7 + c
′eff
9 O
′
9 + c
′
10O
′
10
)]
, (18)
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where the operators are given by [7]
O′9 =
α
pi
(uγµPLc)(µ
−γµµ+),
O′10 =
α
pi
(uγµPLc)(µ
−γµγ5µ
+),
O′7 =
α
pi
(uσµνq
νPRc)
[−2imc
q2
]
(µ−γµµ+) (19)
and the effective wilson coefficients c
′eff
7 , c
′eff
9 and c
′
10 are evaluated at the scale µ = mc. The
wilson coefficients required to evaluate the decay rate are given in the numerical analysis
section. The decay rate is found to be
Γ(c→ uµ+µ−)SM = 1
512pi3m3c
∫ (mc−mu)2
4m2µ)
dS1
S1
√
λ1λ2
∫ +1
−1
dz |M cSM(S1, S2(S1, z))|2. (20)
where the terms in amplitude square can be obtained from those obtained in section 2.1 by
the following set of replacements: b→ c, s→ u, V ∗tbVts → V ∗cbVub, mb(ms)→ mc(mu).
Next to find the HyperCP contribution to the inclusive decay c → uµ+µ−. Although
in the high di-muon invariant mass such an effect is overshadowed by the long-distance
contribution, in the low invariant mass region, one might single out the X0 contribution.
Treating X0 production in c → uX0 decay as on-shell, the HyperCP contribution to the
decay rate Γ(c→ uµ+µ−)NP can be written as
Γ(c→ uµ+µ−)NP = Γ(c→ uX0)× BR[X0 → µ+µ−]
=
1
16pimcm
2
X
(|M cNP |2)×BR[X0 → µ+µ−], (21)
where |M cNP |2(= 12
∑
spins |M cNP |2) are obtained from that give in Appendix A.2 simply by
performing the following replacements: pb(ps) → pc(pu), mb(ms) → mc(mu) and g1(g2) →
h1(h2) where h1 and h2 are the scalar and pseudoscalar couplings of the c− u−X0 vertex).
3.2 The exclusive decay D+ → pi+µ+µ−: SM and HyperCP analysis
The exclusive D+ → pi+µ+µ− decay rate is dominated by [7] the long-distance resonant
contributions at di-muon invariant mass mµµ = mρ(0.776), mω(0.782) and mφ(1.02) (quan-
titities inside brackets indicates meson masses in GeV) and above this even the strongest
NP contribution can not change the decay rate significantly. However in the low mµµ region
in the presence of a light scalar-pseudoscalar particle(the HyperCP boson X0(0.214)) the
situation might change and one can single out the HyperCP contribution to this exclusive
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semileptonic charm decay. The dynamics of this exclusive decay rate is governed by the same
effective hamiltonian Eq. (18). Since the process is an exclusive one, the hadronic matrix
elements required to be evaluated are [7]
〈pi+(ppi)|uγµc|D+(pD)〉 =
[
(pD + ppi)µ f
+
Dpi(q
2) + qµ f
−
Dpi(q
2)
]
, (22)
〈pi+(ppi)|uσµνqνc|D+(pD)〉 =
[
q2 (pD + ppi)µ − (m2D −m2pi) qµ
]
fTDpi(q
2), (23)
where q = pD− ppi = p1+ p2. Note that since mµ ≪ mc, the qµ term in above two equations
gives negligible contribution. As described before, we will be working within the single pole
with mass ∼ mD and the q2 dependence of the form factor can be written as
f+(q2) = f+(0)/(1− q2/m2D), fT (q2) = fT (0)/(1− q2/m2D). (24)
In the relativistic constituent quark model [6], we find
f+(0) ≈ 0.73, fT (0) ≈ f+(0)/2mc. (25)
The decay width Γ(D+ → pi+µ+µ−) is obtained from Eq. (14) simply by making the following
replacements: mB(mK)→ mD(mpi) and VtbV ∗ts → V ∗cbVub in the amplitude square.
The X0 contribution to the decay rate Γ(D+ → pi+µ+µ−) is straightforward. In Eq. (17)
we replace g1(g2) by h1(h2) and the set of substitutions just mentioned above.
4 Input parameters
The decay rate depends on the CKM matrix elements, wilson coefficients, quark and lepton
masses and the non-perturbative input e.g. form factors.
4.1 CKM matrix elements, quark masses, wilson coefficients and
form factors
We adopt the Wolfenstein parametrization with parameters A, λ, ρ and η of the CKM matrix
as below
VCKM =


Vud Vus Vub
Vcd Vcs Vcb
Vtd Vts Vtb

 =


1− 1
2
λ2 λ Aλ3(ρ− iη)
−λ 1− 1
2
λ2 Aλ2
Aλ3(1− ρ− iη) −Aλ2 1

 . (26)
We set A = 0.815 and λ(= sin θc) = 0.2205 in our analysis. Other relevant parameters are
ρ =
√
ρ2 + η2 cosγ and η =
√
ρ2 + η2 sinγ, where
√
ρ2 + η2 = 0.3854 and γ ≃ 70o [9]. For
8
the quark masses we take their current value i.e. mu = 0.2, md = 0.2, ms = 0.2, mc =
1.5, mb = 4.8, mt = 175 GeV [4] and mµ = 0.105 GeV.
We have two set of wilson coefficients for studying the B and D decays. For the in-
clusive(exclusive) b(B) → s(K)µ + µ− decay the following choice has been made: ceff7 =
−0.313, ceff9 = 4.344 and c10 = −4.669 (evaluated at µ = mb in the NDR scheme) [8]. On
the other hand for the inclusive(exclusive) c(D+) → u(pi+)µ + µ− decay our choice is as
follows: ceff7 = 0.087, c
eff
9 = 10
−4/(V ∗cbVub) and c10 = 0 (evaluated at µ = mc in the NDR
scheme)[7].
For the form factors we will be working within the constituent quark model(CQM). In
the present analysis we have used f+BK(0) = 0.34 [5] and f
+
Dpi(0) = 0.73 (the central value as
quoted in [7]).
4.2 New boson X0: it’s coupling constants, mass and decay width
A detailed analysis of the X0 boson coupling to quarks and muon pairs is available in the
literature [2]. The observed BR(K+ → pi+µ+µ−) which is about 8.1×10−8, imposes an upper
bound on |h′1| < 7.4× 10−12 and a lower bound on |h′2| ≥ 3.6× 10−10 [2]. The present muon
anomalous magnetic moment (δaµ) data imposes upper bound on l1 and l2 which are given by
|l1| < 8.6×10−4 and |l2| < 1.0×10−3. The HyperCP event Σ+ → pµ+µ− suggests mX = 214
(MeV). We set the X0 boson decay width ΓX equal to zero. The X
0 boson which is produced
as a real particle, decays to a muon pair only (i.e. BR[X0 → µ+µ−] = 1), called Scenario I
or can decay to a muon pair along with X0 → γγ, e+e− (i.e. BR[X0 → µ+µ−] = 0.5 say),
called scenario II.
5 Numerical Analysis: Results and Discussions
In this section we obtain bounds on the scalar and pseudoscalar couplings by making the
use of the inclusive and exclusive B and D decay data. First, we analyze the B meson decay
and then the decay of the D meson.
5.1 SM and HyperCP analysis of b→ sµ+µ− and B → Kµ+µ− decay
In the standard model, the branching ratio for the inclusive b → sµ+µ− decay is found to
be 5.9 × 10−6 and for the exclusive B → Kµ+µ− decay it is about 5.78 × 10−7 [8]. Since
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the branching ratio data of these inclusive and exclusive decays does not differ widely from
the SM expectation, one would rather expect some stringent bounds on the couplings of the
HyperCP boson X0 with the SM fermions.
5.1.1 Analysis of the b→ sµ+µ− decay
The BELLE group found BR(b→ sµ+µ−) = 7.9±2.1+2.1(−1.5)×10−6 [10] which is slightly
larger than the SM value(see above). To see the effect of X0 in b→ sX0(→ µ+µ−) decay, we
assume that X0 boson is produced as a real on-shell particle which we already mentioned.
The SM contribution which acts as a background, is considered only for the invariant mass
interval (mX − 0.004)2 ≤ S1 ≤ (mX + 0.40)2 in order to manifest the HyperCP boson effect
prominent and is found to be
BR(b→ sµ+µ−)SM = 5.75× 10−7, (27)
whic is one order smaller than the experimental result [10]. This gives rise very tight
constraints on the coupling constants g1 and g2 which we will see shortly. To obtain
these constraints we develop the following strategy: we construct a quantity ∆i defined
as ∆i(= BR(b → sµ+µ−)expt − BR(b → sµ+µ−)SM) (where BR(b → sµ+µ−)SM is eval-
uated with (mX − 0.004)2 ≤ S1 ≤ (mX + 0.40)2). Note that ∆i (by definition) is sensi-
tive to the NP. We fit this quantity with the X0 contribution and obtain constraints on
the scalar g1 and pseudoscalar g2 coupling constants. In Figure 3a we have shown the
contour plots in the g1 − g2 plane corresponding to ∆i (i = 0, 1, 2) at the 0σ, 1σ and
2σ level by setting BR[X0] → µ+µ− = 1 and similarly in Figure 3b corresponding to
BR[X0] → µ+µ− = 0.5. In Figures 3a and 3b, the region below the lowermost curve is
allowed by ∆0(= BR(b → sµ+µ−)(C.V.) − BR(b → sµ+µ−)SM) = 1.998 × 10−6, whereas
the region lying below the middle curve is allowed by ∆1(= BR(b→ sµ+µ−)(1σ)−BR(b→
sµ+µ−)SM) = 4.968 × 10−6 and finally the region below the uppermost curve is allowed by
∆2(= BR(b→ sµ+µ−)(2σ)−BR(b→ sµ+µ−)SM) = 7.938× 10−6. This gives rise the upper
bounds on g1 and g2 which we will see next. From the intersection of the lowermost curve of
Figure 3a with the g1 and g2 axes we finds g1 ≤ 2.4× 10−10 and g2 ≤ 2.7 × 10−10 and from
the moddle one g1 ≤ 2.9 × 10−10 and g2 ≤ 3.2 × 10−10, respectively. From the uppermost
curve it follows that g1 ≤ 3.3 × 10−10 and g2 ≤ 3.6 × 10−10. The upper bounds obtained
on g1 and g2 from Figure 3b are as follows: the lowermost curve gives g1 ≤ 3.4× 10−10 and
g2 ≤ 3.8 × 10−10, the middle one g1 ≤ 4.1 × 10−10 and g2 ≤ 4.5 × 10−10 and finally the
uppermost curve gives g1 ≤ 4.7× 10−10 and g2 ≤ 5.1× 10−10.
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Figs. 3(a,b): The 0σ, 1σ and 2σ contour plots in the scalar and pseudo-scalar couplings
g1 − g2 plane corresponding to ∆i(i = 0, 1, 2) (see the text for their definition) are shown
in Figures 3a and 3b. In each Figure the uppermost, next to that(middle one) and the
lowermost curve respectively stands for ∆2 = 7.938 × 10−6, ∆1 = 4.968 × 10−6 and ∆0 =
1.998× 10−6.Note that BR[X0 → µ+µ−] = 1.0 and 0.5 for Figures 3a and 3b, respectively.
5.1.2 Analysis of the B → Kµ+µ−
The branching ratio BR(B → Kµ+µ−) within the SM is found to be 0.58 × 10−6 and
differs slightly from the data which is about (0.99+0.40 +0.13−0.32 −0.14)× 10−6 [11]. In order to get an
enhanced HyperCP effect, we consider the SM contribution with the invariant mass S ′1 as
(mX − 0.004)2 ≤ S ′1 ≤ (mX + 0.40)2 and this gives
BR(B → Kµ+µ−)SM = 1.44× 10−8, (28)
which is two order smaller than the experimental result [11]. This gives rise very tight
constraint on g1 and g2. We follow the strategy of the inclusive case. We define ∆i(=
BR(B → Kµ+µ−)expt−BR(B → Kµ+µ−)SM). Note that as before BR(B → Kµ+µ−)SM is
evaluated with (mX−0.004)2 ≤ S ′1 ≤ (mX+0.40)2. Since B and K mesons are pseudo-scalar
meson, one is able to constrain only the scalar coupling constant g1.
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Figs. 3(c,d): The BR(B → Kµ+µ−)NP as a function of the scalar coupling constant g1 is
shown. The lower, middle and upper horizontal curves respectively stands for ∆i(i = 0, 1, 2)
with ∆2 = 1.8×10−6, ∆1 = 1.4×10−6 and ∆0 = 0.99×10−6. Note that BR[X0 → µ+µ−] =
1.0 and 0.5 for Figures 3c and 3d, respectively.
In Figures 3c and 3d we have plotted BR(B → Kµ+µ−)NP (= BR(B → Kµ+µ−)Expt −
BR(B → Kµ+µ−)SM) as a function of g1 corresponding BR[X0]→ µ+µ− = 1 andBR[X0]→
µ+µ− = 0.5, respectively. The lower, middle and upper horizontal curves respectively stands
for ∆i where i = 0, 1 and 2 with the following definitions: ∆0(= BR(B → Kµ+µ−)(C.V.)−
BR(B → Kµ+µ−)SM), ∆1(= BR(B → Kµ+µ−)(1σ) − BR(B → Kµ+µ−)SM , and ∆2(=
BR(B → Kµ+µ−)(2σ)−BR(B → Kµ+µ−)SM . The region below the horozontal curve and
left side of the curve is allowed for g1 and one obtain the upper bound g1 ≤ 3.8×10−10 (from
the ∆0 curve), g1 ≤ 4.33 × 10−10 (from the ∆1 curve) and g1 ≤ 4.95 × 10−10 (from the ∆2
curve), respectively.
5.2 SM and HyperCP analysis of the inclusive c → uµ+µ− and
exclusive D+ → pi+µ+µ− decay
As we have seen in earlier subsection that within SM the long-distance resonance contribution
controls the D+ → pi+µ+µ− decay and the photon mediated penguin digram controls the
c → uµ+µ− inclusive decay. To see the HyperCP boson effect on the above exclusive decay
where the SM resonance contribution can overshadow the HyperCP effect, we analyze this
decay in the low invariant mass(Sc1 = m
2
µµ(= (p1 + p2)
2) < (0.7)2GeV 2) region where the
long-distance contribution gets suppressed.
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Figs. 3(e,f): The contour plots in the scalar and pseudoscalar coupling constants h1 − h2
plane corresponding to different R values are shown here. The lower, middle and upper
horizontal curves respectively stands for R = 10, 50 and 100. We set BR[X0 → µ+µ−] = 1.0
and 0.5, respectively in Figures 3e and 3f.
5.2.1 Analysis of the c→ uµ+µ−
For the SM c → uµ+µ− decay rate we need the wilson coefficients ceffi (i = 7, 9, 10) which
are listed in earlier section. Using those we find [7]
BR(c→ uµ+µ−)SM = Γ
SM(c→ uµ+µ−)
ΓD+
= 1.15× 10−11. (29)
No data for the inclusive c → uµ+µ− decay rate so far is available. For our analysis what
we do is as follows. First, we define the quantity
R =
BR[c→ uµ+µ−]SM +BR[c→ uµ+µ−]NP
BR[c→ uµ+µ−]SM . (30)
Note that in the HyperCP effect in the c → uµ+µ− decay, we assume that the X0 boson is
produced on-shell with BR[X0 → µ+µ−] = 1 and 0.5, respectively. Expecting that in future
the data will differs substantiably from the SM expectation, we obtain the contour plots in
the h1 and h2 plane corresponding to R = 10, 50 and 100. These are shown in Figures 3e
and 3f. In Figures 3e and 3f we have set BR[X0 → µ+µ−] = 1.0 and 0.5, respectively. In
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each Figure, the lower, middle and upper curves respectively corresponds to R = 10, 50 and
100. The region below the curve is allowed. From Figure 3e, corresponding to R = 10 we
find h1 ≤ 1.6 × 10−10 and h2 ≤ 1.2 × 10−10 and for R = 100, we find h1 ≤ 4.0 × 10−10 and
h2 ≤ 6.76× 10−10. From Figure 3f, Corresponding to R = 10, we find h1 ≤ 2.0× 10−10 and
h2 ≤ 2.4× 10−10 and for R = 100, we find h1 ≤ 6.0× 10−10 and h2 ≤ 9.1× 10−10.
5.2.2 Analysis of the D+ → pi+µ+µ−
The exclusive D+ → pi+µ+µ− decay rate within the SM is found to be largely controlled by
the long-distance resonance (ρ, ω and φ mesons) contribution. To study the X0(mX = 0.214
GeV) impact on this exclusive decay we exclude those resonance contributions (background)
by choosing (2mµ)
2 ≤ Sc′1 (= (mD+−mpi+)2) ≤ (0.7)2 so that the HyperCP contribution does
not get overshadowed by the SM one. We find the BR(D+ → pi+µ+µ−) within the SM as
BR(D+ → pi+µ+µ−)SM = 7.85× 10−13, (31)
which is much smaller than that obtained after including resonance contribution. For ex-
ample, after the inclusion of the φ resonance one finds BR(D+ → φpi+ → pi+µ+µ−) =
BR(D+ → φpi+) × BR(φ → µ+µ−) = 1.9 × 10−6 [7] which is comparable with the present
experimental upper bound 8.8 × 10−6. Anyway still there is a narrow window for the NP.
Since both D+ and pi+ are pseudo-scalar mesons, the upper bound only on the scalar Hy-
perCP coupling h1 is obtained. As before we define the quantity
R1 =
BR[D+ → pi+µ+µ−]SM +BR[D+ → pi+µ+µ−]NP
BR[D+ → pi+µ+µ−]SM . (32)
With the hope that in future the data will deviates from the SM result substantiably, we
plot R1 as a function of h1. They are shown in Figures 3g and 3h. The lower, middle and
upper horizontal lines in each Figures coresponds to R1 = 10, 50 and 100. From Figure 3g
we find h1 ≤ 0.615 × 10−10, 1.425 × 10−10 and 2.025 × 10−10 corresponding to R1 = 10, 50
and 100. On the other hand from Figure 3h we find h1 ≤ 0.87 × 10−10, 2.015 × 10−10 and
2.865×10−10 corresponding to R1 = 10, 50 and 100. No bound on the pseudo-scalar coupling
h2 is obtained from this exclusive decay.
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Figs. 3(g,h): R1 is plotted as a function of the scalar coupling constant h1. The lower,
middle and upper horizontal curves respectively stands for R1 = 10, 50 and 100. In Figures
3g and 3h we have set BR[X0 → µ+µ−] = 1.0 and 0.5, respectively.
6 Summary and Conclusion
The HyperCP X0 boson found in the Σ+ → pµ+µ− decay, besides it’s coupling to the (ds)
system, can also couples to the (bs) and (cu) systems and this possibility is explored here.
As a first case, we analyze the inclusive b→ sµ+µ− and the exclusive B → Kµ+µ− decays in
this HyperCP scenario and by using the experimental data, we have obtained the following
upper bound on g1 and g2: g1 ≤ 2.9 × 10−10 and g2 ≤ 3.0 × 10−10(from the inclusive data)
and 3.8×10−10 (from the exclusive data). From the incluse c→ uµ+µ− decay corresponding
to R = 10, we find h1 ≤ 2.0 × 10−10 and h2 ≤ 2.4 × 10−10 and for R = 100, we find
h1 ≤ 6.0× 10−10 and h2 ≤ 9.1× 10−10. Finally the exclusive D+ → pi+µ+µ− decay gives rise
h1 ≤ 0.615× 10−10, 1.425× 10−10 and 2.025× 10−10 corresponding to R1 = 10, 50 and 100,
respectively assuming the 100% branching ratio of X0 → µ−µ+.
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A Calculation of the b→ sµ+µ− decay amplitude
A.1 SM amplitude for the b(pb)→ s(ps)µ+(p1)µ−(p2) decay
In this appendix, we calculate the square of the amplitude of Eq. (3). We define pb, ps,
p1 and p2 to be the momenta of the b-quark, s-quark, µ
+ and µ−, respectively with q =
pb − ps = p1 + p2. The individual amplitude-square elements are given by
|M7|2 =
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2|Ceff7 |2(
2mb
q2
)2Tr [(pb/ +mb)σραq
αPL(ps/ +ms)σµνq
νPR]×
Tr [(p1/ −mµ)γρ(p2/ +mµ)γµ] ,
|M9|2 =
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2|Ceff9 |2Tr [(pb/ +mb)γνPL(ps/ +ms)γµPL]×
Tr [(p1/ −mµ)γν(p2/ +mµ)γµ] ,
|M10|2 =
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2|C10|2Tr [(pb/ +mb)γνPL(ps/ +ms)γµPL]×
Tr
[
(p1/ −mµ)γνγ5(p2/ +mµ)γµγ5
]
,
2Re(M∗9M7) = 2
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2Re((C∗eff9 Ceff7 )(
−2imb
q2
)Tr[(ps/ +ms)σµρq
ρPR(pb/ +mb)γνPL
×Tr[(p2/ +mµ)γµ(p1/ −mµ)γν ]),
2Re(M∗9M10) = 2
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2Re((C∗eff9 C10)Tr [(ps/ +ms)γµPL(pb/ +mb)γνPL]×
Tr
[
(p2/ +mµ)γ
µγ5(p1/ −mµ)γν
]
),
2Re(M∗10M7) = 2
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2Re((C∗10Ceff7 )(
−2imb
q2
)Tr [(ps/ +ms)σµρq
ρPR(pb/ +mb)γνPL]×
Tr
[
(p2/ +mµ)γ
µ(p1/ −mµ)γνγ5
]
).
A.2 NP amplitude for the b(pb)→ s(ps)X0(pX) decay
The amplitude-square element of Eq. (5) is given by
|MNP |2 = 4
(
(g21 − g22)mbms + (g21 + g22)pb.ps
)
.
(33)
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B B(pB)→ K(pK)µ+(p1)µ−(p2) decay amplitudes
B.1 Standard Model terms
In this appendix, we calculate the square of the SM amplitude ofB(pB)→ K(pK)µ+(p1)µ−(p2)
of Eq. (15). Here q = pB − pK = p1 + p2. The individual terms are given by
|M ′7|2 =
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2|Ceff7 |2(
2mb
q2
)2Tr [(p2/ +mµ)γ
µ(p1/ −mµ)γν ]×
1
4
q4(pB + pK)µ(pB + pK)ν |fTBK(q2)|2,
|M ′9|2 =
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2|Ceff9 |2Tr [(p1/ −mµ)γν(p2/ +mµ)γµ]×
1
4
(pB + pK)µ(pB + pK)ν |f+BK(q2)|2,
|M ′10|2 =
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2|C10|2Tr
[
(p1/ −mµ)γνγ5(p2/ +mµ)γµγ5
]
×
1
4
(pB + pK)µ(pB + pK)ν |f+BK(q2)|2,
2Re(M ′9
∗
M ′7) = 2
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2Re((C∗eff9 Ceff7 )(
−2imb
q2
) Tr[(p2/ +mµ)γ
µ(p1/ −mµ)γν ])×
1
4
q2(pB + pK)µ(pB + pK)νf
+
BK(q
2)fTBK(q
2),
2Re(M ′9M
′
10
∗
) = 2
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2Re((Ceff9 C∗10) Tr[(p1/ −mµ)γν(p2/ +mµ)γµγ5])×
1
4
(pB + pK)µ(pB + pK)ν |f+BK(q2)|2,
2Re(M ′10
∗
M ′7) = 2
(
αGF
pi
√
2
)2
|Vtb|2|Vts|2Re((C∗10Ceff7 )(
−2imb
q2
) Tr
[
(p1/ −mµ)γν(p2/ +mµ)γµγ5
]
)×
1
4
q2(pB + pK)µ(pB + pK)νf
+
BK(q
2)fTBK(q
2).
B.2 X0 boson contribution
The X0 boson contribution (Eq. (16)) can be written as
|M ′NP |2 =
g21
mb
(m2B −m2K)2 |f+BK |2. (34)
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